The Effect of Traversing System on Wind Tunnel Flow Field  by Yang, Zhigang et al.
Available online at www.sciencedirect.com
2011 SREE Conference on Engineering Modelling and Simulation 
The Effect of Traversing System on Wind Tunnel Flow Field 
Zhigang Yang*, Qiaoyun Liu, Qiliang Li 
Shanghai Automotive Wind Tunnel Center, Tongji University, Cao'an Road No.4800 Jiading District, Shanghai 201804, China 
Abstract 
Traversing system is a kind of equipment used in automotive wind tunnel experiment to ensure the position of 
measuring points. It is necessary to do a detailed investigation into its effect on the flow field . This paper used steady 
and unsteady computation methods to research the flow field around the equipment with slider at different locations 
and with different ground clearances. The numerical results suggest that locations of the slider have no effect on the 
flow field distribution. Moreover, when the equipment is far away from the ground, local velocity is 99% of the 
inflow velocity at X=-0.5m in front of the equipment, causing a 1% error. So a probe with a length of 0.5m is needed 
for ensuring the experiment of 1% accuracy. And with the equipment moving near the ground, ground effects 
intensify its interference so that a longer probe is needed to achieve the same error. 
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1. Introduction
The study of automotive aerodynamics needs a large number of high-quality wind tunnel experiments.
In order to achieve efficient and accurate positioning in wind tunnel test, each wind tunnel chooses a 
traversing system according to its requirements. Traditionally, the traversing system is usually placed 
outside the flow field, and the measuring instruments are installed on a long pole up to several meters or 
more. This kind of traversing system requires a very high stiffness of the pole. In addition, the interference 
of the pole with the flow field and the vibration of the pole might cause experiment error, which is very 
difficult to evaluate. In order to overcome these shortcomings, the wind tunnel at the Shanghai 
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Automotive Wind Tunnel Center has designed a new type of equipment for points positioning, as shown 
in figure 1. The probe mounted at the slider can move in three directions and it is controlled by computer 
so that the control accuracy can reach tenth of a millimeter.  
 
Fig. 1. Traversing system in the test section of automotive wind tunnel 
The control system is the core of the equipment. So a major concern in its control system was 
investigated quite intensively in the past few years. Studies on the control system with a single degree of 
freedom were investigated in 2005 by Yang and Shi [1]. And a three-dimensional control system with 
high spatial positioning accuracy was researched in 1992 by Sun and Shi [2]. All the investigation was 
concentrated in the control system for acquiring high control precision because the traditional traversing 
system was usually placed outside flow field. When the traversing system is installed inside the flow field, 
it will interfere with a big area of the flow field. If the probe is located at this area, the accuracy of 
experiment must be reduced. Therefore, it is very essential to research its interference with the flow field. 
Flow field around the equipment with slider at different locations and with different ground clearances are 
investigated through steady and unsteady methods in this paper. By analyzing the changes of the flow 
field, we can better understand the steady and unsteady characteristics when air flows through the 
equipment. And the conclusions can provide some guidance for wind tunnel experiment when the 
traversing system is used. 
2. Numerical models and computation methods 
2.1. Numerical models 
To numerically study flow field of the equipment, a three-dimensional model is used. Due to the 
computer resource considerations, only a part of the equipment is chosen, as shown in figure 2. The slider 
at two different locations is selected and marked as case 1 and case 2 respectively. The slider has a 
dimension of length L=0.21m and height H=0.14m. As for case 1, the width of the equipment is 1.65m, 
and the other is 1.1m. 
                       
Fig. 2. (a) case 1 model; (b) case 2 model 
2.2. Computation methods 
A computational domain with a length of 15L, a height of 6H, and a width of W is created, as shown in 
figure 3. For the present investigation, this computational domain is deemed large enough. Tetrahedral 
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cells are created to better fit the complex geometry of the equipment. To reduce the total number of the 
cells, the region outside is made up of hexahedral cells. Volume between tetrahedral and hexahedral cells 
is filled with pyramids. In order to better simulate the boundary layer, a prism layer is extruded from the 
surface of the equipment with the first layer height of 0.1 mm. Due to the different width of case 1 and 
case 2, the total number of the cells is about 2 million and 1.6 million, respectively. 
The commercial CFD code Fluent is used to simulate the flow field of the equipment. Turbulence is 
modeled with the realizable k-epsilon model and the Non Equilibrium Wall Functions [3, 4] in the steady 
state simulation. In the unsteady simulation, after the steady state simulation, large eddy simulation (LES) 
[5] is adopted for further simulation. Time step and max iterations per time step are 0.001 second and 20 
iterations, respectively. The initial 1 second in the unsteady simulation is discarded due to the impact of 
the initial condition and the data of the following 3 seconds is used to analyze the unsteady behavior of 
the flow field. 
 
Fig. 3. Size of the computational domain 
The boundary conditions of the domain are illustrated as follows: 
Inlet: Velocity-inlet. v = 25m/s; Outlet: Pressure-outlet; Traversing system:wall; Others: symmetry 
3. Numerical results and analysis 
3.1. The effect of the slider locations 
Comparison of dimensionless time-averaged mainstream velocity and root mean square of velocity in 
the vertical mid-plane for case 1 and case 2 are shown in figure 4. For better understanding of the flow 
field around the equipment, only a part of the computational domain is selected in the velocity maps for 
the following discussion. 
From figure 4(a), we can see that as fluid passes through the equipment, velocities above and below it 
increase to some extent. There is a large recirculation zone at the wake region of the equipment and it 
recovers to the initial inflow velocity when fluid flows a considerable distance away from the wake 
region of the equipment. In front of the equipment, a stagnation zone is formed. The ratio of local velocity 
to initial inflow velocity is used to evaluate the effect of the traversing system. In front of the equipment, 
the local velocity decreases gradually when it is close to the equipment. Figure.4. (a) also shows that the 
local velocity is 99% of the inflow velocity at X=-0.5m, and if the probe is placed here, it will cause a 1% 
error. If the probe is 0.3m long, it can only be placed at a distance of about 0.3m from the equipment, 
leading the effect of the equipment increasing to a 3% error. Shorter probe must lead to greater error. At 
the wake region of the equipment, local velocity recovers to the inflow velocity gradually. When air flows 
1m away from the equipment, the velocity recovers to as large as 97% of the inflow velocity. 
Root mean square of velocity fluctuation obtained from the LES simulation is shown in figure 4(b). A 
conclusion can be drawn that velocity fluctuation at the wake region of the equipment is very intense and 
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it could reach 0.4 times of the inflow velocity. The fluctuation energy mainly concentrates at the areas 
above and below the slideway. However, the fluctuation energy turns to be negligible, which contributes 
to reducing the vibration of the probe caused by the unsteady behavior of the flow field. 
Analysis above suggests that despite the slider is at different locations, there are still strong similarities 
in flow structure for these two cases when air flows through the equipment. Consequently, case 2 is 
selected for the following discussion. 
 
              
(a) Dimensionless time-averaged mainstream velocity 
 
                
(b) dimensionless root mean square of velocity 
Fig. 4. dimensionless velocity 
3.2. Different ground clearances 
3.2.1. Steady computation 
In wind tunnel experiments, the equipment might be close to the ground. In this situation, the affected 
area might be further expanded due to the ground effects. Therefore, investigation of the ground effects 
can help to guide for proper use of the equipment in the wind tunnel. Three different ground clearances of 
the equipment of case 2 are selected for the discussion in this section. Figure 5 represents the comparison 
of dimensionless time-averaged mainstream velocity in the vertical mid-plane for case 2 at three different 
ground clearances, which are marked as H case, 2H case and 3H case, respectively. 
From figure 5, we can see that when the equipment is placed near the ground, the affected area ahead 
of it is expanded by the ground boundary layers and the traversing system. When dimensionless velocity 
Case 1 
Case 2 
Case2 Case1 
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is 0.97, there will be a 3% error, with the corresponding position at X=-0.40m for H case, X=-0.36m for 
2H case and X=-0.35m for 3H case, respectively. When dimensionless velocity is 0.99, there will be only 
a 1% error, with the corresponding position at X=-0.58m, -0.52m and -0.50m for these three cases, 
respectively. Figure 5 also shows us that with the ground clearance increasing, the affected area in front 
of the equipment decreases. Therefore, the length of the probe should be determined based on the 
minimum ground clearance required by the experiments; otherwise, shorter probe must lead to greater 
experimental error due to the interference of the ground and the traversing system. 
 
     
 
 
 
Fig. 5. dimensionless time-averaged mainstream velocity  
3.2.2. Unsteady computation 
Unsteady computation with LES model is adopted for further research. Comparison of dimensionless 
mainstream root mean square of velocity fluctuation in the vertical mid-plane for case 2 at different 
ground clearances are shown in figure 6. 
 
          
H 2H 
3H 
H 2H 
3H 
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Fig. 6. dimensionless root mean square of velocity counters  
We can see from the figure 6 that when the equipment is at a height of H away from the ground, the 
fluctuation energy near the ground is rather considerable compared to the other two cases, which will 
easily cause vibration of the equipment. Figure 6 also presents that the fluctuation energy reaches the 
maximum at about 0.2m behind the equipment, where the energy behind the slider is smaller than that 
behind the slideway due to vortex in the wake region dispersed by the slider. With the ground clearance 
increasing, the fluctuation energy at the ground decreases, leading to a decrease of the effect of the 
equipment on the wind tunnel flow field. So conclusions drawn from figure 6 coincide well with the 
numerical results obtained by steady method before. 
4. Conclusions 
Through comparison between the numerical computational results of steady and unsteady simulation, 
conclusions can be drawn as the following: slider locations hardly have any effects on the distribution of 
the whole flow field around the equipment. In addition, when the traversing system is far away from the 
ground, such as the 3H case, the local velocity is 99% of the inflow velocity at X=-0.5m in front of the 
equipment, which will cause a 1% error. So a probe with its length of about 0.5m is needed for ensuring 
the experiment of 1% accuracy. And with the equipment moving near the ground, ground effects intensify 
the interference with the flow field so that a longer probe is needed to achieve the same error. For 
example, when the equipment is placed at a height of H, the local velocity reaches 99% of the inflow 
velocity at X=-0.58m, which means a longer probe is needed. 
Although some achievements have been made through the research in this paper, the effect of the 
equipment on the flow field has not been completely solved, especially the unsteady force fluctuation 
formed by the equipment. A detailed investigation on the unsteady force will be carried out in the 
following work. 
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